Background: The risk of community-acquired pneumonia (CAP) increases with age and significantly impacts morbidity and mortality in the elderly population. The burden of illness and cost of preventing CAP has not been compared to other serious diseases.
Background
An estimated 1.3 million annual cases of communityacquired pneumonia (CAP) occur among adults aged 65 years and older, contributing significant morbidity, mortality and economic burden in the United States [1] . Nearly 40% of CAP episodes in seniors will result in a hospitalization with an average length of stay of 5.6 days [2] , incurring medical costs in excess of $18,000 per inpatient episode [1, 3] . The aggregate economic burden of CAP in the Medicare fee-forservice population alone is estimated to be over $13 billion annually and is expected to grow with the aging population [1, 4] .
CAP includes infections not associated with encounters in the healthcare system (i.e., nosocomial or iatrogenic infections) for community-dwelling individuals. CAP risk increases with age from 18.2 cases per 1000 person-years among those aged 65-69 years up to 52.3 cases per 1000 person-years among those 85 years and older [3] . Additional risk factors include chronic obstructive pulmonary disease (COPD), asthma, diabetes, congestive heart failure (CHF), immunosuppression, cancer, and smoking [4] [5] [6] . These risk factors tend to be highly prevalent in the older population and increase the risk of more severe disease and death due to CAP [1, 3, 7] .
Other serious medical events that frequently occur in seniors are myocardial infarction (MI), stroke, and osteoporotic fractures (OF). According to the 2010 National Hospital Discharge Survey, there were an estimated 354,000 MI hospitalizations, 663,000 stroke hospitalizations, and 586,000 facture related hospitalizations in adults aged ≥65 years [8] . These conditions are considered common targets for primary prevention by healthcare providers and managed care organizations because of the high prevalence of disease, modifiable risk factors, availability of proven therapies and strategies to reduce the risk of the medical event, potential for high disability, and substantial economic burden [9, 10] . In comparison, there were 621,000 CAP hospitalizations in the same age group, which is similar or greater than that of MI, stroke, and OF.
In health systems with constrained resources, resource utilization for preventive efforts would ideally be proportional to the disease burden in the population. Prior studies have estimated the burden of illness for CAP [1, 3] , but the incidence and cost of hospitalizations due to CAP have not been compared in the context of other serious diseases and how the relative burden of disease compares to the expenditures to prevent those diseases. This study sought to compare the relative burden of hospitalizations for CAP compared to MI, stroke, and OF, as well as to assess the relative expenditures of preventive measures for each disease in a population of older adults in a large, national, Medicare Advantage plan.
Methods

Data source
This retrospective cohort study utilized administrative healthcare claims data from Optum's Clinformatics™ Data Mart (CDM) between 2014 and 2015 in a study population comprised of Medicare Advantage with Prescription Drug Plan (MAPD) beneficiaries from a large national managed care company affiliated with Optum. MAPD plans are alternative plans to "traditional" Medicare insurance coverage, often call "Part C," where federal payments are provided to private insurance companies. These organizations provide an insurance benefit which includes inpatient, outpatient, prescription coverage, and often additional dental, vision, or other benefits usually within Health Maintenance Organization (HMO) or Preferred Provider Organization (PPO) structures. Enrollment into MAPD is optional and roughly one-third of Medicare beneficiaries enroll in MAPD coverage [11] . Compared to traditional Medicare enrollees, MAPD members tend to be older, more racially diverse, and have lower socioeconomic status [12] .
The Optum Clinformatics™ Data Mart is statistically de-identified under the Expert Determination method consistent with HIPAA and managed according to Optum customer data use agreements. These administrative claims submitted for payment by providers and pharmacies are verified, adjudicated, adjusted, and de-identified prior to inclusion. The population is geographically diverse, spanning all 50 states in the U.S.. In addition to medical claims and pharmacy claims, the data include tables with member eligibility and demographic information. The data also include standard pricing for all medical claims, pharmacy claims, and inpatient confinements. The data use an encrypted member identification number to longitudinally track members across years. Information on the month and year of death are appended to the database by Optum prior to de-identification using the Social Security Administration Death Master File.
Study population
Adults aged 65 to 89 years with continuous MAPD enrollment from January 1, 2014 through December 31, 2015 were included in this study. Censoring due to death in 2015 was permitted since it was an outcome of interest. Hospitalization for CAP, MI, stroke, and OF were identified during the 2015 calendar year. The 2014 calendar year was used to assess cohort clinical characteristics as well as to capture preventive measures for each of the four conditions. Subjects who had a hospitalization for CAP, MI, stroke or OF or a cumulative stay in a skilled nursing facility for ≥90 days during 2014 were excluded to create a cohort that was communitydwelling and free of the hospitalizations of interest at the start of follow-up in 2015.
Cohort characteristics
Age, gender, region, and low income subsidy status were assessed as of January 1, 2015 from the enrollment data. Individuals were categorized into age groups: 65-69, 70-74, 75-79, 80-84, and 85-89 years; geographic region was based on Census regions (North Central, Northeast, South, West, Unknown). Key comorbidities were identified using ICD-9 and corresponding ICD-10 codes. Deyo-Charlson comorbidities were calculated as a weighted summary score for each individual [13, 14] . Coding algorithms of the comorbidity classifications are summarized in Appendix 1 Table 4 .
Hospitalization metrics
CAP, MI, stroke, and OF hospitalizations were identified beginning on January 1, 2015 in the medical claims using diagnosis codes listed in Appendix 1 Table 4 . Only hospital admissions with a primary diagnosis of one of these four conditions were included. Hospitalizations for CAP were identified based on prior work [1] , with slight modification to use a primary diagnosis for pneumonia or a primary diagnosis of septicemia or respiratory failure with a diagnosis of pneumonia during the same hospital visit. To distinguish CAP from potential hospitalacquired pneumonia, index CAP hospitalizations with claims indicating other hospitalization, skilled nursing facility, or hospice care in the 14 days preceding a pneumonia hospitalization were excluded.
A 30-day post-discharge period was used to assess hospital readmission for any condition, similar to "all cause readmission" metrics already in use as measures of care quality after a hospitalization [15] . After a 30-day period had elapsed with no readmissions, new hospitalizations for any study condition were counted. All-cause deaths after the index hospitalization were also recorded. However, due to data privacy requirements, dates were restricted at the month level. Thus, we recorded deaths that occurred in the same month or the following month of index admissions of interest.
Each hospitalization and readmission included the length of stay (LOS) and the sum of the amounts paid by the individual and the health plan. Total episode costs included the costs of the index hospitalization and any readmissions observed during the 30-day window. Costs for preventive measures were summarized as costs to the health insurer, member out-of-pocket (OOP) cost, total costs (health insurer plus member OOP), and summarized as per member per year (PMPY) expenditures based on the total population.
Preventive medication/vaccinations
Preventive measures for CAP included influenza and pneumococcal vaccinations, consistent with Infectious Diseases Society of America and the American Thoracic Society Consensus Guidelines on the Management of Community-Acquired Pneumonia [16] . Preventive medications for MI and stroke comprised of antihypertensives, statins, aspirin, anticoagulants, and antiplatelet medications. OF preventive measures included bisphosphonates, selective estrogen receptor modulators, and injectable therapies (denosumab and teriparatide). All medications were identified by MediSpan Generic Product Identifier (GPI) codes in the pharmacy claims. Injectable medications and vaccinations were also identified by Current Procedural Terminology codes and Healthcare Common Procedure Coding System codes in the medical claims. Codes for preventive medications are available in Appendix 2 Table 5 .
Total summed costs for hospitalizations, readmissions, and total combined costs were described as well as per event costs. Admission, re-admission, and mortality rates were standardized to events per 100,000 life-years to allow direct comparison between conditions within the cohort. Data management and analysis were conducted using SAS Enterprise Guide 5.1 (SAS Institute, Cary, NC). This manuscript was drafted in accordance with STROBE reporting guidelines (http://www.strobe-statement.org/) for observational studies.
Results
After applying sample selection requirements, 1,949,352 subjects were included in the final study cohort (Appendix 3 Table 6 ), contributing 1,940,589 person-years after correction for those who died during follow-up in 2015. Baseline demographic and clinical characteristics of the cohort are provided in Table 1 . The mean age was 75.9 years, 57.8% of the cohort was female, and the cohort was geographically diverse across regions. The average DeyoCharlson comorbidity index score was 1.3. Diabetes (25.0%), chronic pulmonary disease (14.7%), coronary artery disease (14.2%), and renal disease (11.3%) were the most prevalent comorbid conditions among those selected for evaluation.
There were 15,701 older adults who experienced a CAP hospitalization, with a total of 16,430 CAP hospitalizations during 2015 -a rate of 846.7 hospitalizations per 100,000 person-years (Table 2) [3.4] days, p = 0.002). The 30-day readmission rate percent was 10.0% for CAP, 10.5% for MI, 7.7% for stroke, and 7.9% for OF. The mortality rate per 100,000 persons for CAP was significantly higher than all comparison diseases: 22.5 for CAP versus 5.3 for MI, 9.7 for stroke, and 5.8 for OF.
The cost per index hospitalization was $13,825 for CAP, which was lower than all other conditions ( Table 2 ). Because of the much higher incidence of CAP hospitalization compared to MI, OF, and stroke, the total cost of index CAP hospitalizations was much higher at $227.1 million compared to $205.2 million for MI, $81.9 million for stroke, and $127.8 million for OF. Similarly, total readmission costs associated with CAP were the highest at $23.3 million, compared to $11.6 million, $5.4 million, and $7.7 million for MI, stroke, and OF, respectively. Costs per readmission were similar between the conditions. The total costs, which include the sum of the index hospitalization costs and any associated readmission, totaled over $250.4 million for CAP compared to $216.8 million for MI, $87.3 million for stroke, and $135.6 million for OF ( fig. 1 ).
During 2014, 7.6% of individuals received at least one pneumococcal vaccination and 45.31% received an influenza vaccination (Table 3) . Health plan expenditures on pneumococcal and influenza vaccinations totaled $14.1 million ($7.3 PMPY) and $26.1 million ($13.4 PMPY), respectively. Member OOP costs made up < 1% of total expenditures as health insurance coverage typically includes the entire cost of preventive vaccinations. Preventive medications for MI and stroke were used by about 60% of the cohort in 2014 (Table 3) . Combined costs of MI and/or stroke preventive medications exceeded $661 million ($339.33 PMPY). Prevention for OF was used by 6.3% of the cohort with total costs of $169 million ($86.74 PMPY).
Discussion
MI, stroke, and OF are important disease states that contribute significant morbidity and mortality in individuals over 65 years of age. As such, they are a Fig. 1 Comparison of hospitalization metrics for CAP, MI, stroke, and OF large focus of primary care providers and managed care organizations since there are effective preventive medications available. In this cohort representative of a MAPD insured population, the insurer spent over $661 million on medications for primary prevention of MI and stroke and an additional $169 million on primary prevention agents for OF. In contrast, only $14.1 million dollars were spent on pneumococcal vaccinations and $26.1 million on annual influenza vaccination -both effective preventive interventions for CAP [16] . In order to prevent CAP, the Infectious Diseases Society of America and the American Thoracic Society guidelines recommend smoking cessation, influenza vaccination, and pneumococcal vaccinations for adults aged ≥65 years and for those 19-64 years with chronic medical conditions [16] . Likewise, the current Advisory Committee on Immunization Practices guidelines recommend vaccination for adults aged ≥65 years with both PCV13 and PPSV23 vaccines in sequence [17] . Immunization will protect against influenza virus and vaccine serotypes of Streptococcus pneumoniae (Pneumococcus), which are among the most common causes and co-pathogens associated with pneumonia [17] [18] [19] [20] [21] . Pneumococcal vaccination decreases the rate of hospitalization associated with CAP and also lowers the risk of invasive disease such as pneumococcal meningitis and bacteremia [20] [21] [22] . Influenza vaccination has also been reported to reduce the risk of influenza-associated hospitalization for CAP [23] .
The proportion of individuals receiving pneumococcal vaccination was 7.57% during 2015 in the cohort. Given that pneumococcal vaccination is generally once per lifetime in the elderly population, this can be considered a "yearly uptake" of vaccination in the population whereas the lifetime uptake is estimated to be nearly 60% [24, 25] . Similarly, less than 50% of the cohort received an influenza vaccination. This vaccination use falls short of the Healthy People 2020 goal of 90% pneumococcal and influenza vaccination in the older population [26] . Further, the uptake of the recommended two pneumococcal vaccine sequence was estimated to be only 18.3% in adults aged ≥65 years since the most recent guideline update highlighting that there are ample opportunities to improve adult pneumococcal vaccination rates [27] .
Pneumococcal and influenza vaccination in adults over the age of 65 has been identified as a highpriority prevention service and vaccinations are recognized as ones of the most under-utilized but most effective, efficient, and cost-effective primary prevention services [28] [29] [30] [31] . Even with 100% vaccination rate for influenza, the total costs would remain a fraction of the preventive costs for other diseases. Vaccinations are also annual or one-time interventions; thus, there are no recurring monthly costs or concerns for adherence compared to prevention for the other disease states. Several factors could contribute to low vaccination rates at the point of care including perceived financial and access issues, patient and physician knowledge of vaccination status or recommendations, as well as prioritization of care in the time window allotted for a wellness visit [32, 33] . Vaccinations may be prime candidates for increased intervention as it is relatively simple to implement by increasing awareness of vaccine safety, efficacy, and availability through managed care organizations or healthcare provider outreach to patient. Access to vaccinations has increased due to provisions in the Affordable Care Act requiring zero cost-sharing [34] as well as the expanded role of community pharmacists to administer vaccinations [35, 36] . For seniors, Medicare coverage has been updated to allow compliance with the updated guidelines with coverage for the updated two-vaccination regimen [37] . Factors associated with vaccine uptake include perceptions about vaccine safety and whether a healthcare provider makes a recommendation [38] [39] [40] . Public awareness about the safety and efficacy of vaccinations must continue to be a priority for public health [41] . In addition, quality metrics by which health plans and physicians are measured should be updated to drive quality based on the most recent vaccination guidelines [42, 43] .
The utilization and costs of vaccinations protecting against CAP display a clear disparity and an opportunity to provide more effective preventive efforts, especially when compared to the overall relative burden of CAP in this population. This is magnified when compared to MI, stroke, and OF and the yearly cost of preventive efforts spent for these disease states relative to the burden observed in the population. While it is warranted to focus on these more commonly feared diseases of the elderly, our study shows a tremendous burden of CAP hospitalizations in the older population that greatly exceeds that of MI, stroke, and OF -nearly double the hospitalization rates of the other disease states. Furthermore, total costs, LOS, readmissions, and associated mortality were comparable or higher with CAP-related hospitalizations than the other diseases.
Limitations
Limitations common to studies using administrative claims data apply to this study [44] [45] [46] . These include a lack of certain information in the database (e.g. lab results, smoking status, weight, and health behavior information) and errors or omissions in claims coding. Data were from a single national MAPD health plan with a diverse population of older adults residing in broad geographic regions. Because this study uses data from a single insurer's members only, the results may not be generalized to the general population. This study limited the cohort to members who did not have one or more hospitalizations in the 2014 pre-index period to focus on primary prevention costs rather than in a population with previous disease. This underestimates the burden of all of the disease states from a health plan perspective but does not bias the comparison between the disease states. The current study underestimated the burden of CAP since only inpatient CAP episodes, which have been shown to include only 40% of cases in the older population, were considered [1, 8] . Additionally, the study only considered primary hospital diagnosis. In cases of pneumonia, it is possible that hospitals code a different cause as the primary diagnosis if an underlying condition is exacerbated that requires serious management -thus further underestimating our estimated burden of CAP episodes. Medications or vaccinations obtained without utilizing an insurance benefit were unobserved in this study. This may include over-thecounter medications (e.g. aspirin to treat MI or stroke), cash payments for medications or vaccines, medications filled using low-cost generic programs [47] , and vaccinations received through employers or other health fairs. This study also grouped together medication classes commonly used for primary prevention for MI and stroke. However, indications for each medication cannot necessarily be confirmed and may have been used to treat other conditions (e. g. anticoagulants prescribed for venous thromboembolism). Lastly, the data may have underestimated death as this was based on the Social Security Administration Death Master File for which some states ceased providing data in 2011. Also, discharge status of "expired" is not available given discharge date would represent the date of death which may jeopardize data de-identification.
Conclusion
In this study of seniors with Medicare Advantage insurance coverage, the rate of CAP-related hospitalization was nearly double that of MI, stroke, and OF. CAP also had higher 30-day readmission rates than stroke and OF and increased mortality versus MI, stroke and OF. Despite higher incidence and high overall total costs, expenditures on preventive vaccinations were a fraction of the expenditures for these other disease states. Given suboptimal vaccination rates that fall below national goals, public health officials, healthcare providers, and managed care organizations should prioritize efforts to increase flu and pneumococcal vaccinations to reduce the significant burden of CAP in the older population. 
